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CORRECTION 


Montaty Weatuer Review, Vol. 80, No. 7, July 1952, page 114: 
In table 1, the mean annual precipitation at Tatoosh Island should 
be 74.88, not 30.64, and the coefficient of variability 14.8, not 36.2. 
The analysis in figure 2 (p. 115) should be adjusted to this corrected 
value of the coefficient of variability, and the discussion (p. 115-116) 
of this figure appropriately revised. 
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SEASONAL DEGREE-DAY STATISTICS FOR THE UNITED STATES’ 


H. C. S. THOM 2 
Climatological Services Division, U. S. Weather Bureau, Washington, D. C. 
(Manuscript received July 16, 1952] 


ABSTRACT 


Methods and charts are presented for estimating seasonal degree-day probabilities and quantiles for any location 
in the United States. Confidence limits for these are given enabling the engineer to judge the accuracy of these esti- 
mates and to apply them more effectively. A method for the determination of confidence limits for normals is also 


given. 


INTRODUCTION 


Ever since the advent of heating degree days as a tool 
in the solution of heating design and operating problems 
the engineer has had only mean degree-day values readily 
available to him. A number of engineers had recognized 
the limitations of mean values, but little was done until 
World War II to furnish more complete statistics. In 
their extensive operations in maintaining military installa- 
tions, the Corps of Engineers soon recognized the un- 
suitability of the mean value for determining adequate 
fuel supplies for these installations. The main weakness 
of the mean in this application is its characteristic that 
it is exceeded as many times as not and hence the use of 
the mean value resulted in an equal probability of inade- 
quate and plentiful annual fuel supplies. This clearly was 
too great a risk of inadequate supplies, so after some study 
of the problem, it was decided to use a statistic 7.75 which 
would be exceeded only 25 percent of the time. An ar- 
rangement was made with the U. S. Weather Bureau for 
producing the 2.75 and other degree-day statistics for about 
650 military installations in the United States and Alaska. 
The Weather Bureau devised special methods under the 
supervision of the writer which made possible the rapid 
compilation of the required statistics. The use of these 
statistics resulted in considerable economy in fuels and 
transportation facilities and in more satisfactory operation 
of the heating facilities at the individual installations. 


1 Paper presented at Annual Meetings, National District Heating Association, Skytop, 
Pa., June 4, 1952. 
’ Visiting Professor of Statistics, Biometrics Unit, Cornell University. 
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Examples for Detroit, Mich., and Washington, D. C., are worked out using the methods presented. 


The present results are an outgrowth of studies begun in 
connection with the development of 7.75 statistics. They 
are part of continuing studies which it is hoped will even- 
tually make possible the compilation of similar statistics 
for monthly data, for degree days to any base, and the 
relation of these to mean temperature. 

The mean value plays a double role in degree-day work 
with annual values: it serves as an estimate of the expected 
value, i. e. when multiplied by the number of years of a 
period it gives an estimate of total degree days for that 
period, and it serves to locate the frequency distribution 
of annual values along the degree-day scale. Actually 
both roles are intimately related to frequency distribu- 
tions, for the fact that we can compute a mean value with 
any validity at all depends on the existence of a statistical 
population or frequency distribution. This implies that 
probabilities also exist and can be estimated. It is with 
the estimation of probabilities that we are principally 
concerned here. 


FREQUENCY DISTRIBUTION OF SEASONAL DEGREE 
DAYS 


The degree-day data used in this study were computed 
in the conventional manner using the formula 


r=65— 9, r>0 


where z is the degree-day value and @ is the average tem- 
perature (°F.) for a particular day. The z values were 
then summed to obtain the seasonal values. 
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It is a matter of observation that daily average tem- 
peratures for a particular day are approximately distrib- 
uted in anormal [frequency function. The corresponding 
daily degree days will then be distributed approximately 
in a normal distribution which is truncated at 65° since by 
definition there will be no degree days when the average 
temperature is above 65°. The distribution of total sea- 
sonal degree days will therefore be the combined distribu- 
tion of some 200 to 300 truncated daily normal compo- 
nents. There is a theorem [1] of statistical analysis which 
says that, under certain general restrictions met by these 
daily distributions, the sum of the daily values will ap- 
proach a normal distribution as the number of days be- 
comes large. Since 200 to 300 are large numbers in this 
respect, it is reasonable to expect that the distribution of 
seasonal degree days could be closely approximated by 
the normal distribution. 

In order to determine the validity of this hypothesis a 
statistical test for normality was applied. Geary and 
Pearson [2] have provided what they consider to be a 
powerful test of normality. This involves computing two 
statistics y, and @ which are measures of skewness and 
flatness and are given by 


and 


ns 


where s is the standard deviation, Z=(Zz)/n, n is the length 
of record in years, and the summation extends over the 
years of record. These values were computed for the 266 
weather stations used in this study and compared with 
Geary and Pearson’s tables to determine whether a sig- 
nificant number were outside the limits allowed for nor- 
mality. The results of this comparison are shown as histo- 
grams with the limits prescribed by the tables as vertical 
arrows in figure 1. The limits allow a total of 2 percent 
of the y,’s and a’s to lie outside the arrows. Since the 
lowest block is a frequency of one, it is seen that no more 
of the 7,’s and a’s fall outside these limits than would be 
expected by chance or if there were no departure from 
normality. Examination of the larger departures of skew- 
ness and flatness from normal also showed no apparent re- 
lation to climatic conditions. It was concluded from these 
tests that the normal distribution could be successfully em- 
ployed in fitting total seasonal degree days and finally to 
estimate probabilities. Spot checks of actual frequency 
counts also compared favorably with estimates obtained 


_ from normal distributions. 


It is a well known principle of statistical analysis that 
the mean and standard deviation exhaust all of the infor- 
mation from a normal sample concerning the normal 
distribution in the population. It follows also through 
another principle that this applies to the estimation of 
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FiaurE 1.—Frequency distributions of 7; and a, which are measures of skewness and 
flatness of the distribution of seasonal degree days, computed for 266 weather stations. 
The vertical arrows prescribe the limits allowed for normality according to Geary and 
Pearson [2]. 


probabilities. Hence if the distribution is normal any 
other technique for finding probabilities, such as plotting 
on probability paper, can be shown to waste part of 
the information available in the sample and to be there- 
fore undesirable. All that is necessary then to completely 
define the statistics of seasonal degree days for the United 
States are values or chats of the mean and standard 
deviation. These are shown in figures 2 and 3. Table1 
is an abbreviated table of the normal probability distri- 
bution which facilitates the computation of 21 probability 
values. If other probabilities are required they may be 
readily computed using any one of a large number of 
normal probability tables. 


ESTIMATION OF PROBABILITIES AND QUANTILES 
FOR A STATION 


Most normal tables [3] give 


t 
f(z)dz and f(t) 


where 
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MEAN (NORMAL) SEASONAL HEATING DEGREE DAYS, & 


Ficure 2.—Chart of mean seasonal heating degree days in the United States, based on data from 266 weather stations. Care has been taken to draw the isolines with consideration for 
local effects of mountains and other topographical features. 


STANDARD DEVIATION OF SEASONAL DEGREE DAYS, s 


Figure 3.—Chart of standard deviation of seasonal heating degree days in the United States, based on data from 266 weather stations. See table 1 for an abbreviated table of 
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in terms of the argument 


2-2 
aud. (1) 


» and o are the population mean and standard deviation 
and are estimated by Z and s where 


(2) 
and 
(3) 


The probability of a value being greater than a particular 
t is 0.5+P when t<0, and 0.5—P when t>0 where P 
is the tabled result. For probabilities of a value being 
less than ¢ the corresponding values of probability are 
0.5—P for t<.0 and 0.5+P for t>0. 


TaBLe 1.—Abbreviated table of normal probability distribution for 
use with figures 2 and 3 


For probability less than (71s) read down 


Pir< (F-ts)] t 

-02 2.05 - 98 

05 1.64 -95 

10 1.28 

15 1.04 

20 . 80 

67 

30 52 -70 

35 .39 

40 25 

45 13 - 55 

0 - 50 
t 


For probability greater than (Zts) read up 


Example 1. Required to find the probability that the 
season total of degree days at Washington, D. C., will 
exceed 5000. From figure 2 we find that Washington 
has a degree-day mean of about 4500 and, from figure 3, 
a standard deviation of about 390, hence 


5000—4500 
50 =1.28 


The P value from a standard normal table is 0.40 and 
since t>0 the probability is 0.5—0.40 or 0.10. The 
probability of being less than 5000 is immediately 1—0.10 
or 0.90. Thus one tenth of the years in Washington will 
have degree-day totals of 5000 or greater and 9 out of 
10 less than 5000. 

Example 2. Required to find the seasonal degree-day 
total for Detroit which it would be unusual to exceed, 
i. e., which would be exceeded only with 0.05 probability 
or once in 20 years. 
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Referring to a standard normal table we find t=1,64 
for 0.5—P=0.05. From figures 2 and 3 7=7000 and 
s=500 approximately. Hence from equation (1) 


z=ts+Z 
=1.64 500+7000 
=7820 


Thus 7820 degrees for a season in Detroit would be ay 
unusual value only exceeded once in 20 years on the 
average. This is called the zo; or the 0.95 quantile. 

If preferred values of Z are available from other sources 
they may be used in conjunction with figure 3. The 
values of s given by figure 3 are believed to be superior 
to those obtainable from individual data series since ; 
is not influenced greatly by local effects and varies slowly 
with geographic position. 


CONFIDENCE INTERVALS FOR PROBABILITIES AND 
QUANTILES 


After probabilities and quantiles are estimated by the 
procedures given above it is almost always desirable to 
have some measure of their reliability. The accepted 
statistical method of doing this is to calculate intervals 
which will enclose the true value with a prescribed 
probability or confidence. If these intervals are short 
our estimate of the true value is said to be accurate and, 
conversely, inaccurate if the intervals are long. Ouw 
opinion as to the length of the interval is a measure of the 
reliability of our estimates. 

Fortunately both sample probabilities and quantiles 
are asymtotically normally distributed enabling us to 
use the normal distribution in determining approximate 
confidence limits [4]. The inequality defining the limits 
fo: the 0.95 confidence interval of an estimated probability 


1s 


The 0.95 confidence interval for an estimated quantile is 


In these inequalities z, is the quantile associated with the 
probability p, II is the true probability, x, is the tru 
quantile, and f, is the ordinate of the normal curve at 2, 

The confidence intervals for any example may now be 
readily calculated using inequalities (4) and (5). For the 
first example previously used 


X0.9_ og 
n 51 


since 51 years of record were used for Washington, D. C. 
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The 0.95 confidence interval is then 
0.02<1<0.18 


and we may say that the chance that the true probability 
is covered by this interval is 0.95. 
Similarly for the zo quantile 


Hence the 0.95 confidence interval is 
4735 <%X 955265 


and we may be confident that only in one chance in twenty 
will the true quantile x, not be covered by this interval. 


CONFIDENCE INTERVALS FOR THE MEAN OR NORMAL 


Judging from the manner in which the mean or normal 
is often applied in degree-day work one cannot help con- 
cluding that opinions as to its accuracy as an estimate of 
the true or population normal are somewhat exaggerated. 
Confidence limits established below will enable the engi- 
neer to form more exact opinions of the accuracy of the 
normals he uses. 

Since the sample sizes or lengths of record ordinarily 
used in degree-day computations are of sufficient length 
for yn(Z—,)/s to be normally distributed, confidence limits 
may be established using that distribution. The 0.95 
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confidence inequality for a mean or normal of degree days 
is 


where yu is the true normal and the other symbols are as 
previously used. For Detroit we have 


2s_2500 
yn 51 

hence the 0.95 confidence inequality is 
6860 <4<7140. 


=140; 


It is seen that the Detroit normal is no closer than 140 
degree days to the true value. Figure 3 may be used to 
judge the reliability of the seasonal normal for any station. 
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AN ALIGNMENT CHART FOR DOUBLE THEODOLITE COMPUTATIONS 


FRANK GIFFORD, JR. 


Scientific Services Division, U. S. Weather Bureau, Washington, D. C. 
(Manuscript received February 14, 1952; Revised October 7, 1952] 


When exceptionally precise measurements of wind veloc- 
ities are needed, usually in connection with research prob- 
lems, the double-theodolite pilot balloon method is fa- 
vored. The disadvantage of extra personnel and more 
complicated calculations is outweighed by the advantage 
of a more certain result. The method uses these two 
formulas: 


_ B 
~ gin (a-B) (1) 
h=d tan e (2) 


a and # are azimuths measured at the two observation 
points A and B; d is the horizontal distance of the balloon 
from station A; b is the length of the baseline (distance 
A to B); e is the elevation angle at station A; and h is the 
balloon’s height. The formulation neglects curvature of 
the earth. These equations are usually evaluated on a 
slide-rule or a desk calculator. An alignment chart for 
solving them will be described. Compared with other 
methods it has some definite computational advantages, 
among them speed, simplicity, and economy. 

Since both the equations are of the same general type, 


Sy) (3) 


they may be solved by a three-variable alignment chart. 
The circular form has been chosen for a reason which will 
become clear. The basic equation for such a chart is 


1 1 
1 
(4) 
1 
T+f@) 0 


(The reader can easily verify that (4) reduces to (3) if 
S(y)+(2) #0.) This chart will have an z-scale along the 
diameter of, and y- and z-scales along the arcs of a circle. 
The left hand column of (4) gives the components along 
the diameter of f(x), f(y), and f(z), and the middle column 
gives components perpendicular to the diameter. For 
example, the scale for h and d is laid out along the diameter 


from the left (taken as the origin), distances being cal. 
culated by 
1+f@) 6) 


Figure 1 shows one form of the completed chart in the 
special case of a unit baseline, b>=1. The construction 
and labeling of the chart may be clearer if the reader wil] 
substitute a few values of the variables, such as d=(), 
d=1, B=0°, 8B=90°, e=45°, and so on, into the proper 
terms of (4) and locate these points for himself. 

The chart is extremely simple to use. To find d and h; 

(a) lay a straight edge (or stretch a string) from 
observed 8 to observed (a—8) and read d where 
this crosses the diameter. 

(b) lay a straight edge from d (this time the scale on 
the circle) to e and read h where this crosses the 
diameter. 

The dashed lines illustrate a sample problem where 8=30° 
(a—B)=10°, and e=40°. The chart assumes a unit base- 
line, and so the d and hf scales coincide. The values of d 
and h must be multiplied by the actual baseline. In this 
problem, if the actual baseline were 1000 yds., d would 
equal 2900, and A would equal 2300 yds. In an actual 
application, this multiplication would be performed in 
advance in laying out the d-scale and separate h- and 
d-scales would be provided. 

A chart the size of figure 1 is only useful for the purpose 
of illustration. It can be entered to the nearest degree or 
so, and might be used for rough calculations. However, 
a plotting board with a rotatable plastic disc about a yard 
in diameter is now in use, for the final part of the upper 
wind calculation, to determine the wind vector. An en- 
larged version of figure 1 was printed on photographic film 
and attached to the back of one of these discs. The scale 
layout was simplified by rotating the (a—§)-scale 180°, 
and the d-scale 90°, clockwise about the circle. The 
straightedge was fastened by a bracket so as to pivot 
directly above the circle at point A, figure 2. Arrows B 
and C are permanent marks on the plotting board, located 
exactly 90° and 180° clockwise around the circle from A. 
On a chart this size, most angles can be located to the 
nearest tenth of a degree or less, and values of d and h 
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Ficure 1.—Alignment chart for graphical] solution of double-theodolite equations (1) and (2). Dashed lines refer to sample calculations in text. 
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PLASTIC OISC 
(34" 014.) 


j 


PLASTIC arm 
WITH HAIRLINE 


Scale 
Scole 


Scole IZ 


Fiaure 2.—Schematic drawing of enlarged version of figure 1 attached to plastic pro- 
tracter of upper winds plotting board, showing location of movable plastic arm, pivoted 
at A, and of arrows at B and C, fixed to the base. 


read to within about 2 percent. To find d and h on such 
a device: 
(a) set 8, scale I, to arrow C; set the straightedge to 
(a—8) on scale I, and read d on scale II. 


(b) set d on scale III to arrow B; set the straightedge 
to e on scale IV and read fh on scale V. 

From preliminary tests, it appears that, with the help 
of this device, double-theodolite runs can be made and 
simultaneously worked up by a team of three observers, 
the recorder (third man) performing all calculations on the 
plotting board during the progress of therun. This means 
that with little extra effort, the results of a double. 
theodolite run can now be made available shortly after 
the run ends. This will certainly be valuable in research 
applications, but will be even more so if routine double 
theodolite observations on an operational basis are 
encouraged. 

The need for a faster and more convenient method of 
double-theodolite calculation was pointed out to the 
writer by Mr. DeVer Colson, U.S. Weather Bureau, whose 
interest and valuable assistance are gratefully acknowl- 
edged. 
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THE WEATHER AND CIRCULATION OF SEPTEMBER 1952' 


JAY S. WINSTON 
Extended Forecast Section, U. S. Weather Bureau, Washington, D. C. 


The circulation over North America and adjacent 
oceans was dominated by two vastly different long wave 
patterns in September 1952. During the first half of the 
month abnormally strong ridges were located over eastern 
North America and the eastern Pacific while a mean 
trough was found near the West Coast (fig. 1a). The 
circulation pattern over these same regions in the second 
half of September (fig. 1b) represented a reversal in phase 
of the waves from the first half of the month. In approxi- 
mately the positions previously occupied by the two 
strong ridges abnormally deep troughs were now located, 
while a well-developed ridge dominated western North 
America. 

Although detailed treatment of evolution of circulation 
patterns is beyond the scope of this paper, it is interesting 
to point out some of the probable factors associated with 
these changes in circulation. In the first half of Septem- 
ber an extremely short wave length existed between a 
trough over eastern Asia (only partly shown in fig. 1a) 
and a trough extending southeastward from Kamchatka 
to the west central Pacific. During the course of the 
month the Asiatic trough moved eastward to a more 
normal position along the coast and the westerlies in- 
creased as the abnormally strong blocking ridge in the 
Bering Sea and eastern Pacific weakened. The western 
Pacific trough then moved rapidly eastward and a dynam- 
ically more satisfactory wave spacing resulted by the 
second half of the month (fig. 1b). As this trough moved 
eastward it joined with a slowly retrograding minor 
high-latitude trough in the Gulf of Alaska. Conse- 
quently, during the second half of September a very deep 
trough extended from Alaska southward into the east 
central Pacific. The deepening was probably aided by 
an outpouring of cold Arctic air across Alaska into the 
Gulf of Alaska, which had already set in during the first 
half of the month. This abnormal flow out of Alaska 
and the Arctic in both halves of September is clearly 
indicated by the orientation and strong gradients of the 
height anomaly lines in that region as shown in figure 1. 
Once this deep trough became established in the eastern 
Pacific rapid readjustment of the wave pattern over North 
America took place with development of a strong ridge 
over the West and a deep trough over the East. 

The contrasting circulation patterns of the two halves 


‘See Charts I-XV following page 163 for analyzed elimatological ‘data for the month. 


of September were well related to some interesting differ- 
ences in temperature regimes over the United States 
during the two halves of the month (fig. 2). In the first 
half of the month (fig. 2a) abnormally warm weather 
prevailed over the northern half of the country east of 
the Rockies and over much of the Southwest in association 
with above normal heights at 700 mb. (fig. 1a). The 
more extreme positive temperature anomalies were 
generally located in regions (e. g., the Great Lakes, the 
Dakotas, eastern Nevada) where mean 700-mb. heights 
were markedly above normal and/or flow was more 
southerly than normal. On the other hand, cool weather 
occurred in the western and northern Plateau region 
where the area of below-normal temperatures practically 
coincided with the region of negative height anomaly 
surrounding the western trough. ‘Temperatures were 
also below normal in the southern tier of States from 
South Carolina to east Texas even though 700-mb. 
heights were above normal. However, the prevailing 
easterly flow (stronger than normal) south of the mean 
700-mb. high cell centered over western Virginia, the 
predominance of polar air in this flow at sea level, and 
the weak easterly trough in the Gulf of Mexico accounted 
for cool weather in the South. 

The temperature regime in the latter half of September 
(fig. 2b) was markedly different from that of the first 
half in several sections of the country. The most striking 
change was in the Far West where temperatures were 
much in excess of normal in contrast to below-normal 
values shown in figure 2a. This heat wave was closely 
associated with the strong western ridge which was most 
abnormal over the Pacific Northwest directly over the 
region of maximum positive surface temperature anomaly. 
It is noteworthy that coastal stations along much of the 
West Coast had temperatures near or below normal in 
this period in contrast to the extreme heat inland. The 
reverse pattern of temperatures (i. e., warm on the coast, 
cool inland) occurred in the first half of September. 
These inverse relationships between coastal and inland 
temperatures are explainable in terms of the sea breeze 
circulation, which is stronger when the Jand areas are 
warm relative to the ocean (producing cool weather on the 
coast) and weaker when land areas are cooler relative to 
the ocean (resulting in warm weather on the coast). 

The prevailing temperature anomaly also changed 
markedly between the two halves of September in the 
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Ficure 1.—Fifteen-day mean 700-mb. charts for (a) August 31-September 14, and (b) September 14-28, 1952, illustrating the marked change in circulation regime over the North 


American region during September. Height anomalies at 100-ft. intervals « 


trough locations are shown by heavy solid lines. 
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Great Lakes region, the Ohio Valley, and much of the 
Northeast. Below-normal temperatures were generally 
observed in these areas during the second half of the 
month in association with the well-developed mean 
trough located over the Lakes and the Ohio Valley (fig. 
1b). Stronger-than-normal northerly flow between this 
trough and the western ridge led to frequent outbreaks of 
cool Canadian polar air into the eastern United States. 
Examination of Chart IX indicates that the bulk of the 
migrating high cells passed through the eastern half of the 
United States during the second half of the month 
following a cyclonic trajectory closely resembling the 
mean 700-mb. contours in figure 1b. 

Prevailing temperature anomalies in some sections of 
the country remained quite similar throughout September. 
In particular, these areas were the Rocky Mountain region, 
the Plains States, the Southeast, and the extreme East 
Coast. This persistence, in spite of large changes in 
circulation pattern over these areas, demonstrates that 
the same temperature anomaly over limited regions 
occasionally can be associated with two or more differing 
circulation regimes. 

The mean temperature anomalies for the month as a 
whole (Chart I-B) exhibited a rather well-defined pattern, 
largely because of the areas where persistence of 15-day 
temperature anomaly occurred, and also because the heat 
wave in the Far West in the latter half of the month was 
so extreme as to greatly overcompensate the cool weather 
early in the month. The relationship of these monthly 
temperature anomalies to the monthly mean 700-mb. 
circulation pattern (fig. 3) was fairly good even though 
the monthly mean 700-mb. wave pattern over North 
America and adjacent areas was a very poorly defined one 
owing to the diverse circulation regimes which made it up. 
Height anomalies over these regions were generally small 
with little horizontal variation so that the flow with 
respect to normal was rather weak. Nevertheless the 
prevalence of generally above normal heights over most 
of the United States was in agreement with the pre- 
dominantly warm weather observed over the nation 
during the month. 

Precipitation amounts were predominantly subnormal 
over the United States during Seotember (Chart III). 
In fact, in approximately half of the nation rainfall was 
less than 50 percent of normal (Chart III-B). Both con- 
trasting circulation regimes prevailing during the month 
Were associated with this generally dry regime, with minor 
contrasts, largely because neither circulation pattern pro- 
duced a strong influx of moisture from either the Gulf of 
Mexico or the Pacific source regions. This was equally 
true of the monthly mean circulation pattern. Thus, 
areas of heavier-than-normal precipitation were generally 
relatively small and surrounded by more extensive areas 
of subnormal precipitation. Many of these areas of 
abnormally heavy rainfall were the result of concentrated 
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FicurE 2.—Departure from normal (approximate) of 15-day mean surface temperatures 
in ° F. for periods (a) September 1-15, and (b) September 16-30, 1952. 


rains occurring during only a few days, and hence were 
poorly related to either the 30-day or 15-day mean circu- 
lation patterns. This was true of the unusual rains in the 
Southwest which extended eastward from southeastern 
California and southern Nevada into west Texas between 
the 19th and 23d.? Similarly, some extremely heavy 
drought-breaking rains occurred in a belt approximately 
100-150 miles wide from the Gulf Coast through central 
Texas on the 9th, 10th, and 11th in association with strong 
southeasterly flow on these days.’ In some spots in 
central Texas rainfa]! on these days reached flood-produc- 
ing totals of 10 to 20 inches. But meanwhile other regions 
of Texas remained drought-ridden. In the valleys of the 
Rio Grande and the Red River, rainfall totaled less than 
25 percent of normal for the month as a whole. Only in 
the vicinity of and to the east of the mean troughs located 
over the Mississippi Valley and the Far West (fig. 3) were 


2 See article by Roe and Vederman on p. 156 of this issue. 
3 See article by Lott on p. 161 of this issue. 
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FIGuRE 3.—Mean 700-mb. chart for the 30-day period August 30-September 28, 1952. Height anomalies at 100-ft. intervals are shown by short dashed lines and anomaly centers are 
labeled in tens of feet. Minimum latitude trough locations are shown by heavy solid lines. 


the heavier-than-normal precipitation areas made up by Canada, especially over the northern and eastern areas 
precipitation occurring in more than one week of the where cyclonic vorticity prevailed aloft in relatively flat 
month. But even in these sections areas of subnormal westerly flow. These storm tracks were also fairly well 
rainfall were much greater in extent than the areas of delineated by the mean sea level chart (Chart XI). Itis 
supernormal rainfall. especially noteworthy that practically all cyclones moving 
Figure 4 and Chart X appear to throw further light on eastward across Canada into the Atlantic or the Davis 
why precipitation was so predominantly subnormal over Strait remained in the region of mean cyclonic vorticity, 
much of the country in September. Over most of the while virtually all anticyclones crossing North America 
United States the monthly mean relative vorticity at exited through the North Atlantic States or stalled near 
700 mb. was anticyclonic and very few cyclones appeared the Appalachians where anticyclonic vorticity was at & 
within the nation’s borders. Rather, the country was maximum. 
dominated by anticyclones (Chart IX). By way of Further comparison of Charts IX and X with figure 4 
contrast, cyclonic activity was very frequent across reveals a rather close association of daily cyclone and 


: 
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Ficure 4.— Mean relative geostrophic vorticity at 700 mb. for the 30-day period August 
30-September 28, 1952, in units of 10-* sec~*. Areas of cyclonic vorticity are shaded and 
labeled “‘C”’ at centers of maximum vorticity. Areas of maximum anticyclonic vortic- 
ity are labeled 


MONTHLY WEATHER REVIEW 155 


anticyclone tracks with regions of 700-mb. monthly mean 
cyclonic and anticyclonic vorticity, respectively, in the 
eastern Pacific. In the eastern Atlantic cyclones were 
generally blocked from progressing eastward between 40° 
and 60° N. This was associated with a persistent ab- 
normally strong ridge at 700 mb. and sea level (figs. 1 and 
3 and Chart XI) which had strong anticyclonic vorticity 
(fig. 4). Downstream from this ridge was an equally 
strong trough over Europe. The strong northerly flow 
with respect to normal between these two systems at both 
sea level and aloft (Chart XI inset and fig. 3) was accom- 
panied by some of the coldest September weather over 
Europe in recent history. 
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SEPTEMBER RAINS IN THE SOUTHWESTERN UNITED STATES 


CHARLOTTE ROE AND JOSEPH VEDERMAN 


WBAN Analysis Center, U. S. Weather Bureau, Washington, D. C. 


INTRODUCTION 


Drought conditions existed in the Southwest during 
August and persisted into mid-September with maximum 
temperatures in the upper 90’s and the 100’s (°F.). 
However, on the evening of September 19, conditions 
began to change. An upper air trough located off the 
California coast began to move eastward. The moisture 
aloft associated with this advancing trough brought rains 
and showers from southern California to western Texas. 
Amounts in some higher valleys in Arizona were 1% to 
2% inches and at lower levels 1 to 1% inches (figs. 1, 2, 3). 


RAINFALL 


Topography plays an important role in rainfall in this 
part of the country. Elevations rise from sea level and 
coastal plains to mountainous areas averaging above 5000 
feet in southern California. In Arizona the land rises 
sharply to the east and north of Phoenix to the Colorado 
Plateau with elevations ranging from 3000 to 7000 ft. 
above sea level, and peaks reaching over 12,000 ft. 


Figure 1—48-hour precipitation chart for the period ending 1230 GMT, September 21, 
1952. Hatched area = Trace to 0.5 inch; light dot area = 0.5-1.0 inch; dark dot area = 
1.0 inch and over. 
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Ficure 2—48-hour precipitation chart for the period ending 1230 GMT, September 23, 
1952. Shading as in figure 1. 


Figure 3—24-hour precipitation chart for the period ending 1230 GMT, September 24, 
1952. Shading as in figure 1. 
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FiourE 4—Surface weather chart, 0030 GMT, September 19, 1952. Shaded areas 
indicate precipitation in progress. Isobars are for intervals of 6 millibars. 
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Ficure 5—Surface chart, 0030 GMT, September 21, 1952. 
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Ficurg 6—Surface chart, 0030 GMT, September 23, 1952. 


With such variable terrain it can be seen that precipita- 
tion amounts will deviate considerably and the synoptic 
network cannot adequately describe all conditions, but the 
reporting network is fairly representative. Figures 1, 2, 


and 3 have been drawn with the use of data from this 
synoptic network only. 


A more detailed report of some 
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of the 24-hour totals in southern California is given in 
table 1. Amounts vary sharply from place to place 
because of atmospheric instability and location of the 
stations with respect to topography. 


TaBLeE 1.—24-hour precipitation in southern California* for the 
period ending 0200 GMT' September 20, 1952 


12 || Mill Creek. 1.10 
1,22 
1.15 
Desert Hot Springs................. 1.25 || Redondo Beach.................... oo 

11 |} Santa Monica ...................... 01 

*Unofficial. 


The average weekly rainfall charts based on data from 
1906-35 [1] show that for the first 2 weeks of September 
there are areas (around Death Valley) in southern Cali- 
fornia where the normal precipitation is less than 0.01 
inch and for the first 3 weeks less than 0.10 inch for all of 
southern California. Arizona averages less than 0.10 
inch in the west to 0.25 inch in the east. Eastward the 
rainfall increases and in Texas averages are 0.25 inch in 
the west to 0.99 for the eastern portion. Figures 1, 2, 
and 3 show that many areas in the Southwest received 
more than the normal precipitation for all of September 
during the 5-day period from September 19 to 23. 


GENERAL SYNOPTIC FEATURES 


Normally over the Southwest in the summer months 
and early fall there exists a distinct thermal Low [2]. 
Figure 4 shows this feature with higher pressures existing 
to the north over Nevada and southeastern Oregon. A 
cold front extended from the tip of Hudson Bay, through 
Tulsa, Okla., to northwest Wyoming. Several days later 
this front became an important factor in producing pre- 
cipitation in New Mexico and Texas. Normal maximum 
temperatures in the upper 90’s and 100’s were being 
reported in the Southwest at this time. However, the 
surface weather map indicated that an unusually large 
amount of moisture was present. For example, Yuma, 
Ariz., had a dew point of 73° F. 

As the rains began in California the surface tempera- 
tures were lowered and the thermal Low retreated south- 
ward until it was south of the Mexican border (fig. 5). 
With the movement of the precipitation pattern east- 
ward and the return of high surface temperatures, the 
thermal Low re-established itself over the Southwest. 
By 0030 GMT September 23 the cold front had become 
stationary and was lying along the western borders of 
New Mexico and Colorado (fig. 6). 

In the upper air, figure 7, a high pressure ridge was 
centered along the Washington and Oregon coasts with 
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the zone of maximum winds flowing across the top of this 
ridge into the trough in the center of the country. A 
subtropical High was located over Arizona and New 
Mexico. A trough was oriented in a north-south direction 
at the 700-mb. level along the California coast and asso- 
ciated with it was a tropical disturbance which had moved 


Figure 7—700-mb. chart, 0300 GMT, September 19, 1952. Contours‘at 100-ft. intervals 
are labeled in hundred of geopotential feet. The arrows indicate the trajectories of the 
moist air. Plotted number groups indicate date and time (Date/GMT) of positions. 


FiGurRE 8—700-mb. chart, 0300 GMT, September 21, 1952. 
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northwestward off the coast of Baja California. At the 
500-mb. level there was one closed Low situated in the 
Oakland area and another over the surface position of 
the tropical disturbance. By 0300 GMT September 9) 
(fig. 8) the high center had moved inland over the Pacific 
Northwest, the northern end of the trough moved intp 
western Utah, and the subtropical High remained oye; 
Texas. On September 23, figure 9, the trough was 
oriented in an east-west direction separating the sub. 
tropical High, which remained over the northern Mexico. 
southern Texas area, and the high center over the 
Northwest. 

In September the surface dew points in the south. 
western United States are usually below 60°, but occa. 
sionally maritime tropical air from the Gulf of Mexico 
crosses the mountains of Mexico to bring in surface dew 
points of about 70° F. For the Southwest, another 
source of moisture through a thick layer of the atmosphere 
is a tropical storm along the west coast of Baja California. 
Table 2 shows the marked surface dew point variations 
at several Arizona stations during the week of September 
15 to 21. Note especially on September 19 the high dew 
point at Yuma, and on September 21 the high dew points 
at Phoenix and Tucson. 


THE FLOW OF MOISTURE 


In the first part of September the air flow at the 700-mb. 
level across southern California, Utah, Nevada, and 
Arizona was from the southwest and was characterized 
by marked dryness [3]. But during the latter part of the 
month the 700-mb. flow shifted to the southeast and 


FIGURE 9—700-mb. chart, 0300 GMT, September 23, 1952. 
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Taste 2.—Surface dew point temperatures (°F), 0630 GMT, 
September 15-21, 1952 


September 
Station 
15 | 16 | 17 | 18 | 19 | a 
39 | 53 | 7 | | 73 | 68 | 50 
51 | 530 | 56 | 61 | 61 | 61 | 69 
i dncncscosegeean 42 41 45 55 57 58 65 


brought in moist air. Forecasters usually look for tropical 
maritime air at or above 700 mb. for the first indications 
of widespread sumnier rains in the southwestern United 
States. Air coming from the southeast tends to be moist 
and unstable while a southwest flow over this region is 
ordinarily associated with dry, stable, subsiding air. 
Precipitation depends chiefly on a supply of moisture 
and a lifting mechanism, often a front or a mountain 
range. From September 10-14 a well defined cold front 
passed through the southwestern United States accom- 
panied by sharp temperature falls amounting to as much 
as 10° C. at the 700-mb. level and marked wind shifts. 
But only scattered showers accompanied the passage of 
the front for the air was very dry. At Las Vegas, Nev., 
for example, the temperature-dew point difference at 
1500 GMT September 10 was 29° C. at 850 mb. and over 
22°C. at 700 mb. A different situation came into exist- 
ence on September 16 when moist air arrived over south- 
ern California from a tropical storm about 900 miles 


0300 GMT - Sept. 19——»> 


= Temperature Curve 
Lins) 0300 GMT - Sept. 19 
(Solid Line) 
ele 


TEMPERATURE °C 


Figure 10—Upper air soundings over San Diego, Calif. ‘“‘M” on the dew-point curve 
indicates missing data due to “‘motorboating”’ (failure of the radiosonde instrument to 
record accurately due to the low moisture content of the air). 
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south-southeast of San Diego, Calif. The trajectory ' of 


1 The trajectory was constructed by estimating an average wind speed and direction 
at the 700-mb. level for the 6-hr. period before and after the time ofthe chart. The parcel, 
from the tongue of the moist air, was then moved ahead to the point given by this average 
wind. The procedure was repeated for each new position (see [4]). 


TEMPERATURE °C 


Figure 11—Upper air soundings over Phoenix, Ariz. 


TEMPERATURE °C 


Ficure 12—Upper air soundings over Albuquerque, N. Mex. 
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the moisture at 700 mb. is shown in figure 7 (western 
trajectory). Since there was little temperature variation 
at 700 mb. during this period, the trajectory may also be 
thought of as indicating the flow of moisture on an isen- 
tropic surface. Again, there was no rain in the Southwest. 
This time the moisture present over San Diego was in a 
thin layer between the 590- and 730-mb. levels with 
marked dry air above and below. There was no frontal 
structure present. The lift required to saturate this moist 
layer would be about 5,000 feet and this could be supplied 
by the mountain ranges in the region. If precipitation 
formed in the saturated layer (after lifting) it was prob- 
ably evaporated in falling thru the dry air below. Also 
mixing of the layer would tend to lower the dew-point 
temperatures in the already thin moist layer and further 
discourage the formation of rain. 

However, beginning on the 19th, the proper combina- 
tion of moisture and lift finally became available. On 
this date moisture, which had its origin over the Gulf of 
Mexico (near Brownsville, Tex.) about a week earlier 
combined, over San Diego, Calif., with the large amount 
of moisture associated with the tropical disturbance 
which was centered off the coast of Baja California. 
Simultaneously a sharp 700-mb. trough (fig. 7), associated 
with a deep Low that extended up to at least the 300-mb. 
level, moved through that area. Convergence into this 
trough provided the necessary lift. As the moisture and 
lifting mechanism moved along, heavy rains fell in 
southern California, southern Nevada, Arizona, and 
south and central Utah. The results of the radiosonde 
observations for San Diego, Calif., Phoenix, Ariz., and 
Albuquerque, N. Mex. from September 18-23, 1952, are 
shown in figures 10, 11, and 12. They all show regions 


of very low stability through considerable depths of the 
atmosphere, and at the same time they show unusually 
high dew points to great heights. 
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On the 22d, the trough and Low aloft became very 
weak but now a new lifting mechanism entered the 
picture. This took the form of the cold front which had 
been pushing southward and westward through the 
central United States in the past few days. On the 234 
(fig. 6) it was located near the western borders of Colorado 
and New Mexico. Moderate to heavy rain fell in New 
Mexico on the 22d and 23d for two reasons: first, the 
warm, moist air from the southwest, originally from 
the south, was lifted in flowing over the front, and second, 
the coo] air itself was lifted several thousand feet as it 
arrived over New Mexico from the Plains. On September 
24, only scattered showers were observed in Texas and as 
the cold front moved south into the Gulf of Mexico the 
rains in the Southwest ended. 
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RAIN STORM OF SEPTEMBER 9-10, 1952 


GEORGE A. LOTT 
Hydrologic Services Division, U. S. Weather Bureau, Washington, D. C. 


Central Texas was the scene of unusually heavy rains 
on September 9-10, 1952. Two-day totals of up to 21 
inches were recorded. This brief summary will concern 
itself mainly with the heavier rain of September 10, 
although substantial amounts were recorded on the 
preceding day. 

‘Lhe week before the storm saw the season’s first invasion 
of continental polar air into southern Texas. Modifica- 
tion of this air mass, which also covered part of northern 
Mexico, proceeded slowly during the next few days. The 
high pressure system accompanying the polar outbreak 
resulted in northeasterly winds over most of the Gulf of 
Mexico for an extended period. A reinforcement of the 
High by a fresh polar outbreak raised the pressure over 
the southeastern States on the 9th. This pressure rise 
moved westward into eastern Texas on the 10th in dimin- 
ished form. Until September 8 the surface isobars, 
followed upwind from southern Texas, turned northward 
along the Atlantic seaboard. On the 8th, however, the 
pressure field altered somewhat, so that the isobars then 
arrived from the West Indies and disturbances of sub- 
tropical origin subsequently had access to southern Texas. 

One such disturbance was the easterly wave which 
arrived over southern Texas on September 9-10. Figures 
1,2, and 3 are 24-hour sea level pressure change charts for 
0630 and 1830 GMT September 9 and 0630 GMT Septem- 
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FicURE 1.—Chart of sea level 24-hour pressure change, 0630 GMT, September 9, 1952. 
Isallobars are labeled in tenths of a millibar. “R” and “F” indicate centers of rise 
and fall. 


ber 10, showing the movement and change in intensity of 
both the rise and fall areas. The movement of the wave 
is shown by figures 4 and 5, portions of the 1500 GMT 
700-mb. chart for September 9 and 10 respectively. Data 
for these were copied from teletype signals as received at 
the WBAN Analysis Center. On figure 4 a weak trough 


FiaurE 2.—Chart of sea level 24-hour pressure change, 1830 GMT, September 9, 1952. 
Isallobars are labeled in tenths of a millibar. “‘R’ and “F”’ indicate centers of rise 
and fall. 


F1GuRE 3.—Chart of sea level 24-hour pressure change, 0630 GMT, September 10, 1952. 
Isallobars are labeled in tenths of a millibar. “R’ and “F’’ indicate centers of rise 
and fall. Tracks show 0630 GMT approximate positions of centers on the dates in- 
dicated. 
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FIGURE 4.—700-mb. constant pressure chart for 1500 GMT, September 9,1952. Contours | FiGcurE 5.—700-mb. constant pressure chart for 1500 GMT, September 10, 1952. Contouy 
are labeled in feet, isotherms in °C. Arrowed winds through station circle are from are labeled in feet, isotherms in °C. Arrowed winds through station circle are from 


rawinsonde data, other winds from pilot balloon data. rawinsonde data, other winds from pilot balloon data. 
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FiGuRE 6.—Temperature soundings (solid line) dewpoint (heavy dashed line) and pseudo-wet bulb temperature (dotted line) curves at San Antonio, Tex. (A) 1500 GMT, September 
9, 1952; (B) 0300 GMT September 10, 1952; (C) 1500 GMT, September 10, 1952. 


in the easterlies is discernible at about longitude 97° W. the 9th is steeper than the moist adiabatic curve, revealing 
Twenty-four hours later (fig. 5) the trough, having de- convective instability through the layer. By the time of 
veloped a closed center, is seen to be centered at about the next sounding at 0300 GMT of September 10 (just 
longitude 102° W. The positions agree closely with the prior to the heavy rain) convective instability was general 
locations of the 24-hour katallobaric centers as illustrated from the surface to 15,000 feet. A very small amount of 
in figures 1, 2, and 3. lift would induce complete saturation of this air column. 

The plotted San Antonio raobs for 1500 GMT Septem- Presumably the slope up to the Edwards Plateau, which 
ber 9 and for 0300 and 1500 GMT of the 10th are shown is located 25 to 50 miles northwest of San Antonio, did 
in figure 6. San Antonio reported light rain falling at the provide the necessary lift to produce saturation and con- 
surface in all three cases. The pseudo-wet bulb curve sequent instability. The sounding of 1500 GMT, Sep- 
from 850 to 700 mb. on the sounding for 1500 GMT of tember 10 (fig. 6C) shows conditions at the time of heavy 
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Ficvre 7.—Sea level chart for 2130 GMT, September 9, 1952. Temperatures are in °F. 


rain. The curve is characterized by alternate layers of 
convective instability and stability and a lapse rate very 
close to moist adiabatic. 

A study was made of temperature advection at the 850- 
and 700-mb. levels over the rain area, using a small 
temperature interval for analysis purposes. Slight warm 
geostrophic advection was found at both levels, in ac- 
cordance with findings in other great rain storms. How- 
ever, since the Gulf of Mexico, a large void insofar as 
upper air analysis is concerned, was but a short distance 
upwind during the heavy rain period, the analysis of 
temperature advection aloft is open to considerable doubt. 
With this in mind a careful analysis was made of the 
surface charts. 

In the study of other large storms it has been found that 
a micro-analysis of the surface chart reflects to a large 
extent the details of temperature advection in the lower 
layers. Because of the much denser network of stations 
providing surface data, the advection can be pinpointed. 

Figure 8 illustrates the geostrophic advection as shown 
on the surface map for 2130 GMT, September 10. Isobars 
are drawn for every millibar, and isotherms for each 5° F. 
(The advection is inversely proportional to the size of the 
areas formed by the intersection of the isobars and 
isotherms.) A generalized preliminary isohyetal pattern 
for the 24-hour period ending September 11 is also super- 
imposed. The coincidence of concentrated warm geo- 
strophic advection is notable over the heavy rain area. 
By contrast, the warm advection was considerably weaker 
on September 9 (fig. 7). The important difference 
affecting advection was the increase in pressure gradient; 
the San Antonio-Austin pressure difference increased from 
1.4 mb. at 2130 GMT, September 9, to 3.4 mb. 24 hours 


Ficure 8.—Sea level chart for 2130 GMT, September 10, 1952. Temperatures are in 
°F. A generalization of the isohyetal pattern in the vicinity of San Antonio for the 
24-hour period ending 1230 GMT, September 11, 1952 is shown by stippling. 


later. The steepening of the pressure gradient was mainly 
due to the arrival of the easterly wave. 

The temperature gradient to the northwest of San 
Antonio existed on both the 9th and 10th as can be seen in 
figures 7 and 8. Cooling due to rainfall was probably 
responsible rather than advection, since surface air 
trajectories indicate a tropical rather than polar source for 
the cool air over the Plateau. Since these temperatures 
did not rise, despite marked warm geostrophic advection 
on the 10th, the warm advection indicates a concentrated 
area of strong vertical motion. This, in combination with 
the heavy moisture charge of the convectively unstable 
inflow air mass, could account for the geographical and 
temporal placement of heavy rain. 


CONCLUSION 


The combination of events present in this storm is not 
uncommon in other greatstorms. The Thrall, Tex., storm 
of September 9-10, 1921, for example, was similar in that 
a large body of rain-cooled air was penetrated by a com- 
pact katallobaric area that had been, in that case, asso- 
ciated with a hurricane which crossed the Mexican coast 
north of Tampico. In the present storm, the pressure 
gradient over a small localized area in central Texas was 
increased by the pressure fall provided by an easterly wave 
and a pressure rise area that moved in from the east- 
northeast. The coincidence of the increased pressure 
gradient, parallel to a marked temperature gradient 
(induced by previous rain), must be viewed as the fortui- 
tous combination of circumstances that, operating on an 
air mass that was convectively unstable, caused the heavy 
rain of the 10th. 


S GOVERNMENT PRINTING OFFICE: 1982 


192  SepreMBER 1952 
| | 
\ 
| | 
ember 
ling 
e of 
just 
eral 
t of | 
mp. 
did ; 
on- 
ep- 
wy 


) 
' 


September 1952. M. W. R. LXxx—113 


Chart I. A. Average Temperature (°F.) at Surface, September 1952. 
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B. Departure of Average Temperature from Normal (°F.), September 1952. 
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A. Based on reports from 800 Weather Bureau and cooperative stations. The monthly average is half the sum of the monthly 
average maximum and monthly average minimum, which are the average of the daily maxima and daily minima, respectively. 
B. Normal average monthly temperatures are computed for Weather Bureau stations having at least 10 years of record. 
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Total Precipitation (Inches), September 1952. 


Chart II. 
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Based on daily precipitation records at 800 Weather 'sureau and cooperative stations. 
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Chart TT A. Departure of Precipitation from Normal (Inches), September 1952. 


B. Percentage of Normal Precipitation, September 1952. 


Norma! monthly precipitation amounts are computed for stations having at least 10 years of record. 
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Chart VI. A. Percentage of Sky Cover Between Sunrise and Sunset, September 1952. 


B. Percentage of Normal Sky Cover Between Sunrise and Sunset, September 1952. 
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A. In addition to cloudiness, sky cover includes obscuration of the sky by fog, smoke, snow, etc. Chart based on 
visual observations made hourly at Weather Bureau stations and averaged over the month. B. Computations 
of normal amount of sky cover are made for stations having at least 10 years of record. 
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Chart VII. A. Percentage of Possible Sunshine, September 1952. | 


mad 


A. Computed from total number of hours of observed sunshine in relation to total number of possible hours of 
sunshine during month. B. Normals are computed for stations having at least 10 years of record. 


« . 
Scale of Shades! = 
B. Percentage of Normal Sunshine, September 1952. 
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